Background: Concern has been raised over the practice of unnecessary double anaerobic coverage therapy (DACT) in the hospital setting. However, the incidence of and risk factors for unnecessary DACT are not well studied. On 8 September 2008, the antimicrobial stewardship programme (ASP) at our institution was modified such that several antibiotics, including ampicillin/sulbactam and metronidazole, no longer required preapproval. We anticipated that this change would increase both unnecessary DACT and target antibiotic consumption.
Introduction
Double anaerobic coverage therapy (DACT; i.e. two agents with overlapping coverage of anaerobic organisms) has been identified as a potentially important component of inappropriate prescribing. Using metronidazole as an adjunctive therapy to other anti-anaerobic agents has never been shown to improve clinical outcomes. 1 On the other hand, metronidazole therapy is associated with many negative consequences, including increasing antibiotic cost, increasing the risk of acquisition of drug-resistant pathogens and increasing the risk of adverse drug reactions. 2, 3 While much work has investigated the inappropriate use of agents with broad Gram-positive or Gram-negative activity, little is known about usage patterns of agents with activity primarily against anaerobic bacteria. To our knowledge, the incidence of and risk factors for DACT have not been studied. The goal of this study was to determine the cumulative incidence of and risk factors for unnecessary DACT. In particular, we sought to determine the impact of recent changes in our institution's antimicrobial stewardship programme (ASP) on unnecessary DACT.
Methods
The study was conducted at the Hospital of the University of Pennsylvania (HUP), a 725 bed academic tertiary and quaternary medical centre. The University of Pennsylvania Institutional Review Board reviewed and approved this study. The cumulative incidence of unnecessary DACT was obtained from the entire study population while risk factors for unnecessary DACT were investigated through the nested case-control study. We focused on ampicillin/sulbactam, which is the most commonly used b-lactam/b-lactamase inhibitor in patients hospitalized at our institution. Data on consumption of target antibiotics was obtained directly from the HUP pharmacy database.
Under the ASP at HUP, a programme described in detail previously, patients who received ampicillin/sulbactam for at least 2 days were eligible for the study. Inpatient medical records of all eligible subjects who were simultaneously prescribed metronidazole for at least one dose were reviewed to validate the co-administration of ampicillin/sulbactam and metronidazole as well as the indication for metronidazole. Cases were defined as those patients who received unnecessary DACT. Controls were those who did not receive DACT or those who received necessary DACT. All eligible controls from the study population were included. For each eligible admission, we included only the first course of ampicillin/sulbactam for a given patient.
Because the only rational indication for adding metronidazole to ampicillin/sulbactam is for treatment of Clostridium difficile-associated disease (CDAD), 5 all DACT prescriptions were considered unnecessary unless at least one of the following criteria was true: (i) metronidazole was administered at the standard dosage for CDAD (500 mg every 8 h), indicating a clinical suspicion of CDAD; (ii) suspicion or diagnosis of CDAD was noted in the medical record within 24 h before/after the initiation of metronidazole; and (iii) a test for C. difficile toxin was requested within 24 h before/after the initiation of metronidazole regardless of the result.
Data, including demographics, hospital course, inpatient antimicrobial therapy and immunosuppressive therapy, presence of C. difficile toxin test and the result, and discharge status, were obtained directly from the Pennsylvania Integrated Clinical and Administrative Research Database (PICARD). 6, 7 Charlson co-morbidities were evaluated by applying the Enhanced ICD-9-CM coding algorithms 8 to primary and secondary ICD-9 codes obtained from the PICARD.
Categorical variables were expressed as percentages while continuous variables were expressed in terms of mean or median when appropriate. The cumulative incidence of unnecessary DACT was calculated by dividing the total number of admissions with unnecessary DACT by the total number of admissions with ampicillin/sulbactam therapy. Data on ampicillin/sulbactam and metronidazole consumption were reported in terms of defined daily dose 9 per hospital admission in a given period (DDD/admission).
To assess unadjusted associations between potential risk factors and unnecessary DACT, the x 2 test or Fisher's exact test was used for categorical data and Student's t-test or the Mann -Whitney U-test was used for continuous data depending on the sample distributions. We then performed multiple logistic regression analysis including all variables that were associated with unnecessary DACT (P ≤0.20) in univariate analyses. In the multivariable model, we included the duration of the ampicillin/sulbactam course as an estimate of time at risk.
We performed segmented logistic regression analysis to compare the cumulative incidence of unnecessary DACT during the restriction period ( 
A two-tailed P value of ,0.05 was considered significant. All statistical calculations were performed by using STATA version 10.0 (STATA Corp, College Station, TX, USA).
Results
During the study period, 1783 admissions of 1686 unique patients were eligible for the study. DACT was dispensed in 83 admissions, 41 (49.4%) of which were unnecessary. The cumulative incidence of unnecessary DACT was 2.3% [95% confidence interval (CI) 1.7-3.1].
Baseline characteristics, co-morbidities and recent drug exposure of cases and controls were compared (Table S1, Data from chart review revealed that unnecessary DACT was prescribed to treat intra-abdominal infections in 78.9% of surgical patients (15/19). Of all obstetrics and gynaecology patients who received unnecessary DACT, 38.5% (5/13) were treated for intra-abdominal infections and 38.5% (5/13) for genital infections, including ovarian abscesses, endometritis and cervicitis. Moreover, we found that just over one-third (3/8) of patients with metastatic cancer were prescribed unnecessary DACT to treat head and neck infections and another one-third to treat post-surgical intra-abdominal infections.
The cumulative incidence of unnecessary DACT before and after the ASP changes was 2.8% (22/781) and 1.9% (19/1002), respectively. The DDD/admission of ampicillin/sulbactam was higher in the non-restriction period (0.260+0.086 versus 0.357+0.079), whereas the DDD/admission of metronidazole was slightly lower in the non-restriction period (0.373+0.097 versus 0.327+0.100). Figure 1 shows the cumulative incidence of unnecessary DACT (represented as a bar graph) and the DDD/admission of ampicillin/sulbactam and metronidazole for each calendar month.
For unnecessary DACT, neither the immediate effect nor the change in slope resulting from the ASP change was statistically significant (Table 1) 
Discussion
The reasons for the higher rates of unnecessary DACT on surgery and obstetrics and gynaecology wards are not clear. Perhaps physicians working in these areas were uncomfortable with ampicillin/sulbactam's coverage of anaerobic organisms or were unaware of its activity. A qualitative study of knowledge and attitudes among these physicians to better identify the reasons for higher rates of unnecessary DACT would be useful. Having metastatic cancer was also found to be a risk factor for unnecessary DACT. We hypothesize that it may be a proxy for a greater level of illness.
Although antibiotic pre-approval programmes have been shown to be effective in reducing antibiotic consumption, 4, 10 little is known about the impact of discontinuation of such Our study had several potential limitations. Because of the low cumulative incidence of unnecessary DACT, small associations could possibly have been missed. Second, data from the HUP pharmacy database and PICARD may not truly represent drug administration. To minimize misclassification of necessary DACT as unnecessary DACT, we validated our study population with individual chart reviews. Inpatient medical records of all subjects who were simultaneously prescribed metronidazole for at least one dose were reviewed to confirm the duration of DACT and the indication for metronidazole therapy. Third, the lack of data on antibiotic exposure prior to hospitalization may result in information bias, although it is unlikely this would result in differential bias. Finally, this study was conducted at a tertiary care hospital that has a comprehensive ASP and focused only on ampicillin/sulbactam and metronidazole; therefore the generalizability of the results may be an issue.
In summary, the problem of unnecessary DACT should be brought to the attention of clinicians, emphasizing education in services where the practice appears more common. This study highlights the need to provide customized ASPs for different prescribers and/or patient groups. Furthermore, our study confirms that the partial discontinuation of an ASP has a negative impact on target antibiotic consumption.
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